Background: Tumor recurrence is the most common cause of treatment failure, even after complete resection of early-stage non-small cell lung cancer (NSCLC). In this study, we investigated the prognosis of patients with early recurrence in order to identify independent risk factors related to early recurrence. Methods: Between February 1995 and December 2012, 242 patients who underwent surgical resection for stage I NSCLC at Dong-A University Hospital were reviewed. The factors predicting overall survival (OS) and early recurrence were investigated. We also investigated the relationship between the patterns and period of recurrence and clinicopathological factors. Results: For patients with stage IA and IB NSCLC, the 5-year OS rate was 75.7% and 57.3% (p=0.006), respectively. A multivariate Cox proportional hazards model demonstrated that gender (p=0.004), comorbidity number (p=0.038), resection type (p=0.002), and tumor size (p=0.022) were the statistically significant predictors of OS. Moreover, the multivariate analysis revealed that smoking history (p=0.023) and histologic grade (p=0.012) were the independent predictors of early recurrence. Additionally, only histologic grade (poor differentiation) was found to be significantly associated with a higher frequency of distant metastasis; there was no relationship between the patterns and period of recurrence and clinicopathological factors. Conclusion: The present study demonstrated that smoking history and histologic grade were independent prognostic factors for early recurrence within two years in patients with early-stage NSCLC. Patients with these predictive factors may be good candidates for adjuvant therapy.
INTRODUCTION
Lung cancer is the leading cause of cancer-related deaths worldwide. Non-small cell lung cancer (NSCLC) accounts for approximately 80% of all lung cancer patients. The treatment strategy chosen for patients with NSCLC is generally guided by the tumor-node-metastasis (TNM) classification. Only approximately 25% of the patients are diagnosed with early-stage (stage I) disease, for which surgical resection offers the possibility of a cure. However, even after complete resection of early-stage NSCLC, there is a wide spectrum of outcomes [1, 2] . Tumor recurrence is the most common cause of disease failure after surgical resection and the main obstacle for long-term survival. TNM staging indicates the level Pil Jo Choi, et al − 450 − of disease progression and malignant potential of primary lung cancer [3] . However, even patients with disease at the same stage are split between recurrence and the non-recurrence groups after complete resection. Therefore, the current TNM staging system may have reached the limit of its usefulness [4] . The identification of factors related to recurrence following surgery may help to evaluate the risk of disease recurrence in NSCLC patients. Moreover, identification of risk factors associated with recurrence patterns (local recurrence and distant metastasis) after surgical resection can help stratify patients with higher risks in the administration of potentially harmful adjuvant therapies. Only a few studies have reported the survival, patterns of recurrence, and risk factors analyses predicting recurrence in resected stage I NSCLC [1, 3, 5] . The purpose of this study is to elucidate the prognosis of patients with early recurrence within two years of surgery and to identify independent risk factors related to early recurrence. We also investigated the relationship between the patterns and period of recurrence and clinicopathological factors.
METHODS
A total of 272 patients (including those of previous bronchial alveolar carcinoma: 48 patients) who underwent surgical resection for stage I NSCLC at Dong-A University Hospital between February 1995 and December 2012 were reviewed.
All of these patients underwent lobectomy and systemic lymph node dissection, and had no history of malignant disease. The following exclusion criteria were applied: sublobar resection (n=7); preoperative chemotherapy, radiotherapy, or both (n=15); and death within 30 days of operation (n=8). Of the 272 patients, the remaining 242 patients provided sufficient data to be included in the study. Video-assisted thoracoscopic surgery was performed on 88 of these patients (36%). Values are presented as number (%). PET-CT, positron emission tomography-computed tomography; maxSUV, maximum standardized uptake value. variables, the chi-square test or Student t-test was used.
Statistically significant differences were accepted at p＜0.05.
Overall survival (OS) was measured from the date of surgery to the date of death from any cause or date on which the patient was last known to be alive. Disease-free survival (DFS)
was measured from the date of resection to the date of the first recurrence or last follow-up showing no recurrence.
Survival was estimated using the Kaplan-Meier method, and the significance of comparisons was examined using the log-rank test. Mutivariate analyses were performed by means of a logistic regression analysis and the Cox proportional hazards model. Only variables with p＜0.05 after the univariate analysis were considered in the multivariate analysis.
RESULTS
The median follow-up time for all 242 resected early-stage NSCLC patients was 44.3 months (mean, 54.4±44.4 months).
The baseline characteristics of these 242 patients are listed in Table 1 . Fig. 1 and Fig. 2 Values are presented as number (%). 
OR, odds ratio; CI, confidence interval; PET-CT, positron emission tomography-computed tomography; maxSUV, maximum standardized uptake value.
significantly worse survival (p=0.000). The 5-year survival rate for patients in the ER group was 22.8%, while this was 57.3% in the LR group and 82.1% in the NR group (Fig. 3) . Table 3 shows the results of the univariate and multivariate analyses of the risk factors for overall recurrence in patients after surgical resection. The results of the univariate analysis showed that the following six factors were significantly associated with increased recurrence rates: gender, smoking status, tumor size, pathologic stage, histologic grade, and PET-CT maxSUV. There was no statistical difference in terms of age, number of comorbidities, tumor location, tumor laterality, resection type, histology, and adjuvant therapy. In the multivariate analysis, the independent predictor of recurrence was the histologic grade (p=0.017).
The patterns of recurrence included local recurrence in 26 patients (33.8%) and distant metastasis in 51 patients (66.2%). Table 4 shows a comparison of clinicopathological factors according to the pattern of recurrence (local recurrence only or distant metastasis). Only histologic grade (poor differentiation) was found to be significantly associated with a higher frequency of distant metastasis. (Table 6 ). A majority of recurrences are distant and occur within the first 2 years of surgery [5] [6] [7] . Our study also showed similar results. The sites of the first failure were distant metastases to the brain, bone, liver, or contralateral lung in most of the patients reported by Martini et al. [12] and by Pairolero et al. [13] . In both studies, the brain was the most common site. In contrast, the highest initial failure site in our study was the lung (19/51, 37.3%). To date, most large studies have shown that the patterns of recurrence may differ by histology with more local recurrence seen in patients with squamous cell carcinoma and more distant metastases seen in patients with adenocarcinoma [12] [13] [14] . In our study, however, the pattern of recurrence did not differ by histology.
DISCUSSION
The recurrence was classified into three groups according to the timing of recurrence: none, early, and late recurrence. [15] . This study concluded that postoperative cisplatin-based chemotherapy significantly improves survival in patients with NSCLC. The LACE trial demonstrated a clear survival benefit of adjuvant platinum-based chemotherapy-at least 5% for OS and 6% for DFS.
However, the role of adjuvant chemotherapy in patients with resected stage I NSCLC is controversial because of the lack of a clear survival benefit from randomized trials. On the basis of our study, patients who are at risk for early recurrence may be considered for and may benefit from adjuvant chemotherapy.
However, there are several limitations of our study. Our data were analyzed retrospectively. For more conclusive results, a prospective randomized controlled study is required in the future. Moreover, as ours is a retrospective, single-institution study, patient selection bias with respect to the diagnosis of cancer recurrence might be inevitable compared with a multi-institutional prospective study. In this study, the overall follow-up observation period was short. Therefore, a relatively long follow-up observation period should be considered for long-term results.
In conclusion, the present study focused on the identification of factors related to early recurrence within two years of surgery in early-stage NSCLC patients. The identified risk factors were smoking history and poor histologic differentiation. Therefore, in cases with these risk factors for early recurrence, adjuvant therapy may be used for improving survival.
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